Objectives. Messages designed to motivate participation in physical activity usually emphasize the benefits of physical activity (gain-framed) as well as the costs of inactivity (loss-framed). The framing implications of prospect theory suggest that the effectiveness of these messages could be enhanced by providing gain-framed information only. We compared the effectiveness of gain-, loss-, and mixed-framed messages for promoting moderate to vigorous physical activity.
(2004) examined message framing using a longitudinal design and prolonged message exposure in a population for whom participation in physical activity is particularly relevant -patients recovering from coronary artery bypass graft surgery who were recommended to engage in cardiac rehabilitation. Patients who received gain-framed messages (both in a pamphlet and on a magnet for their home refrigerator) attended more cardiac rehabilitation sessions over a 3-month period than participants who received loss-framed messages; however, this difference was not statistically significant. Participants in the gain-framed group did attend significantly more sessions than participants in a no-message control group. The inclusion of a control group strengthened the study design by demonstrating the advantages of gain-framed messages over standard practice.
Overview and hypotheses
The findings from the extant research suggest possible positive results from the use of gain-framed messages in promoting physical activity participation; however, more research is needed to account for the limitations of previous studies. Specifically, there is a need to test framed physical activity messages in a receptive audience using (a) multiple message exposures; (b) an extended follow-up period; and (c) a standard message control group. The present experiment was designed to address these goals. The primary objective was to compare the effectiveness of gain-, loss-, and mixedframed messages for promoting moderate to vigorous physical activity over a 9-week period following multiple message exposures. In accordance with the framing postulates of prospect theory, we hypothesized that the effectiveness of physical activity messages would be enhanced by providing gain-framed information only.
A secondary objective of the current study was to identify the social cognitive mechanisms underlying the effectiveness of framed messages. Little research has been conducted in this area. Understanding the factors mediating the link between the message and the behaviour is necessary to advance message framing theory and practice (Frazier, Tix, & Barron, 2004) . Investigating social cognition as a potential mediator is a good starting-point. Substantial evidence indicates that self-efficacy, outcome expectancies, and intentions are important determinants of health behaviour and specifically physical activity (Sallis & Owen, 1998) . Furthermore, preliminary evidence suggests that social cognitive variables (e.g. self-efficacy, outcome expectancies, intentions) derived from self-efficacy theory (Bandura, 1997) may be potential mediators of framing effects. For example, among some participants, the effects of gain-framed smoking cessation messages on intentions to quit were mediated by self-efficacy (i.e. the belief that one has the ability to perform the requisite behaviour; Steward et al., 2003) .
Within the message framing and physical activity domain, mediational relationships with social cognitive variables have not been established. However, gain-framed messages have resulted in more positive outcome expectancies (beliefs about whether or not a given behaviour produces a given outcome; Jones et al., 2004; McCall & Martin, 2004) and stronger intentions to engage in physical activity (Jones et al., 2003; Robberson & Rogers, 1988 ) than loss-framed messages. In the current study, self-efficacy, outcome expectancies, and intentions were tested as mediators of the effects of framed messages on physical activity behaviour. Specifically, we predicted that gain-framed messages would result in greater physical activity outcome expectancies, self-efficacy, and intentions, which in turn would lead to greater participation in physical activity.
Method
Participants Five hundred and seventeen sedentary (i.e. no more than 2 days/week of moderate to vigorous physical activity for greater than 20 min/day; Rodgers & Gauvin, 1998) men and women were recruited from the National Cancer Institute's (NCI) Cancer Information Service (CIS) in the United States. The CIS is the NCI's link to the information needs of the American public (i.e. cancer survivors and their family and friends), interpreting and explaining research findings in a clear manner, and providing personalized responses to specific questions about cancer (Squiers & Treiman, 2005) . Participants accessed the CIS by calling a toll-free number. Selfreported exclusion criteria were: (a) being a cancer survivor; (b) awaiting test results about a possible cancer diagnosis; (c) being less than 18 or more than 69 years of age; (d) calling the CIS for physical activity information; (e) participating in the study already; (f) having a physical impairment or doctor's recommendation contraindicating unsupervised physical activity participation; (g) being a non-English speaker or international caller; (h) exhibiting significant distress during the CIS service call; and (i) engaging in greater than 20 min/day of moderate to vigorous physical activity on three or more days/week. From a research perspective, this stringent criterion for physical activity participation was used because the individuals who participate in physical activity two or fewer times per week have less favourable physical activity-related social cognition (e.g. self-efficacy; outcome expectancies) than individuals who exercise three or more times per week (Rodgers & Gauvin, 1998) . Given that the secondary objective of the study was to examine the effects of framed messages on social cognition, a group with less favourable expectations is a good target for affecting change. From a practical perspective, these criteria were selected because they could be assessed quickly and easily. An age restriction was imposed because the instrument used to assess physical activity has only been validated among adults ranging in age from 18 to 69 years (International Physical Activity Questionnaire, 2006) .
Procedure
At baseline, following their CIS service call, consenting callers completed the screening interview. Eligible callers were invited to participate in a 9-week study examining their opinions about new physical activity print messages. The eligible callers who consented to participate in the study completed a brief baseline interview, listened to a randomly assigned gain-, loss-, or mixed-framed physical activity message dictated by a CIS Information Specialist, and responded to a manipulation check question (baseline postmessage). All screening and baseline procedures were conducted by CIS Information Specialists using a custom-made, secure, on-line survey system. A random number generator built into the survey system automatically assigned all screened callers (regardless of their eligibility or whether they consented to participate in the 9-week study) to a message frame condition. The logistical oversight of randomly assigning callers prior to determining eligibility and consent resulted in an unbalanced distribution of eligible and consenting participants across conditions (see Figure 1) . To ensure adherence to study protocol, the CIS supervisory staff completed weekly quality assurance checklists evaluating interview administration and message delivery. Data from the checklists were compiled in a monthly report; no deviations from the protocol affecting data quality were noted. 
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Within one working day of their baseline interview, participants were mailed a physical activity guide that was framed according to their randomly assigned condition. Two weeks after baseline, participants were contacted for the Week 2 follow-up telephone interview. Upon completion of the Week 2 phone interview or after 15 attempts were made to contact the participant over a 4-week period, participants were sent an unframed letter thanking them for their study participation to date and informing them of their eligibility to receive a free pedometer. Participants were instructed to return the enclosed pre-stamped pedometer request postcard to receive this free gift.
At Week 4, all participants were mailed a pedometer, a pedometer instruction brochure, and a 4-week pedometer logbook regardless of whether they returned their request postcard. Each of these items included framed information appropriate to the participant's condition assignment. The purpose of providing all participants with a pedometer was twofold. First, it was necessary to provide all participants pedometers to maintain intervention consistency. Second, providing a gift is a means of increasing participant response rates for subsequent assessments (Salant & Dillman, 1994) .
Nine weeks after the baseline interview, a research assistant contacted participants to complete the Week 9 follow-up interview. If the participants were not reached for the Week 9 follow-up interview after 15 call attempts, they were mailed a brief survey including the physical activity measures (IPAQ and pedometer use) and a pre-stamped, pre-addressed return envelope.
1

Message development
Although a wealth of physical activity information is available to the American public, a standard set of print materials does not exist unlike in other countries (e.g. Canada's Physical Activity Guide is a standard print message). Thus, the study materials were developed by collecting physical activity information from websites and print materials sponsored by government agencies across North America (CDC, NCI, National Heart, Lung and Blood Institute, and Health Canada). The information collected included gainframed, loss-framed, and unframed messages, and was rooted in social cognitive theory. It addressed the benefits of activity and the costs of inactivity (i.e. outcome expectancy information), included encouraging slogans, and provided strategies to incorporate physical activity into a daily routine (i.e. self-efficacy related information).
Using existing framed and unframed information, a set of mixed-framed materials emphasizing outcome expectancies and self-efficacy was created. These mixed-framed materials served as the messages for participants randomly assigned to the control condition. The set of materials included: (a) a baseline telephone message describing general health and specific cancer-related benefits of physical activity and outlining the CDC's physical activity recommendation; (b) a print physical activity guide detailing the health and cancer-related benefits of physical activity, highlighting the health costs of physical inactivity, reiterating the CDC's physical activity recommendation, and listing tips for overcoming physical activity barriers (Health Canada, 2004) ; (c) a pedometer brochure restating the costs of inactivity, the benefits of physical activity, and the CDC physical activity recommendations, as well as providing instructions for pedometer use; and (d) a slogan for the logbook and pedometer cover encouraging participation in physical activity. The source of the information was noted either within the body of the message (e.g. : : : the Centers for Disease Control encourage participation in regular physical activity : : : ) or a reference section on the back of the printed material. Providing these details may have enhanced the credibility of the messages.
The mixed-framed materials included 77 frameable physical activity statements (i.e. could be framed); 14% were gain-framed, 3% were loss-framed, and 82% were unframed. To create the gain-framed materials, all of the loss-framed and unframed statements in the mixed-framed materials were reframed to emphasize the benefits of engaging in the recommended amount of physical activity or mentioned the undesirable outcomes that would be prevented from adequate activity. To create the loss-framed materials, all of the gain-framed and unframed statements from the mixed-framed message were reframed to emphasize the risks of inactivity or mention desirable outcomes that would be missed from lack of activity (Rothman & Salovey, 1997) . This approach of reframing the mixedframe materials to create the gain-and loss-framed materials ensured that all the materials were factually equivalent. Table 1 includes samples of messages of each type.
In a pilot test of the messages, 29 adults (79% women; M age ¼ 27:96, SD ¼ 12:11 years) recruited from the community were assigned randomly to review the gain-, loss-, or mixed-framed messages. The content was rated as similar on all dimensions (e.g. informative, convincing, and understandable, MANOVA Fð4; 44Þ ¼ 0:71, p ¼ :75, Pillai's Trace ¼ 1:77) except message tone (i.e. separate ratings of positive tone, negative tone, and message focus, MANOVA Fð8; 38Þ ¼ 2:02, p ¼ :03, Pillai's Trace ¼ 0:98). As expected, the loss-framed messages were evaluated as having a more negative tone and a greater emphasis on the costs of inactivity when compared with the gain-and mixedframed messages. The positive tone for the gain-and mixed-framed messages was rated similarly. The negative tone was rated as stronger for the mixed-framed message than the gain-framed message confirming the mixed-frame of the control message.
Baseline measures
The baseline interview, conducted by CIS Information Specialists, assessed behaviour, social cognitive variables (outcome value, outcome expectancies, intentions, selfefficacy), and perceptions of the baseline message.
Physical activity was assessed using the International Physical Activity Questionnaire (IPAQ) telephone-administered short form (Craig et al., 2003) . The participants reported the number of days and amount of time spent walking and engaging in moderate and vigorous activities over the previous 7 days for at least 10 minutes at a time. Walking and moderate and vigorous activities were defined using the standard IPAQ descriptions. Walking included walking at work and home, and walking for transport, recreation, leisure, or sport. Moderate activity included activities that required moderate physical effort and made the participant breathe somewhat harder than normal. Vigorous activity included activities that required hard physical effort and made the participant breathe much harder than normal.
Separate estimates of energy expenditure were calculated for walking, and moderate and vigorous physical activity by weighting the reported minutes/week by categoryspecific metabolic-equivalent values (i.e. METs). The weighted MET (minutes/week) were summed across the moderate and vigorous activity categories to create a weighted index of moderate and vigorous physical activity. An index of moderate and vigorous physical activity rather than a total activity score corresponds with the message focus and the Centers for Disease Control's (CDC) physical activity recommendation: Accumulate at least 30 minutes of moderate physical activity on $ 5 days/week or at least 20 minutes of vigorous physical activity on $ 3 days/week (Centers for Disease Control, 2006) . The IPAQ short form has acceptable measurement properties for monitoring physical activity via telephone interview (Craig et al., 2003) . Test-retest reliability coefficients range from 0.65 to 0.88 with a pooled Spearman correlation coefficient of 0.76. IPAQ scores correlate positively with accelerometer step counts r ¼ :30. The magnitude of this correlation is consistent with median criterion validity correlations reported for other self-reported measures.
Social cognitive variables
Because CIS guidelines limited the length of the baseline interview to 7 minutes, each social cognitive variable was measured using a single item rated on a 5-point scale. The measures were adapted from research evaluating the reach of a physical activity mass media campaign (Plotnikoff et al., 2006) . Participants were provided the following definition of regular physical activity: 'Moderate and vigorous activities performed at least three times/week for a total of 20 minutes or more/day. Activities can be accumulated through the day in 10 minute periods'. Outcome value was assessed with the item 'Improving my health by participating in regular physical activity over the next 2 weeks is : : : ' (1 ¼ not at all important; 5 ¼ extremely important; Sallis, Hovell, Hofstetter, & Barrington, 1992) . Outcome expectancy was assessed with the item 'How likely is it that your health would improve if you participated in regular physical activity over the next 2 weeks?' (1 ¼ not likely; 5 ¼ extremely likely; Sallis et al., 1992) . Self-efficacy was evaluated by the level of agreement with the statement 'If it were entirely up to me, I am confident that I would be able to participate in regular physical activity over the next 2 weeks' (1 ¼ disagree a lot; 5 ¼ agree a lot; Armitage & Conner, 1999) . Intentions were evaluated by the level of agreement with the statement 'I intend to participate in regular physical activity over the next 2 weeks' (1 ¼ disagree a lot; 5 ¼ agree a lot; Ajzen, 2002) .
Post-message manipulation check
The post-message interview included a single-item manipulation check rated on a 5-point scale: 'Would you say the information I just read you : : : ' (1 ¼ focused heavily on the benefits of physical activity; 5 ¼ focused heavily on the risks of inactivity). This item has been used in previous framing studies and is sensitive to differences in message frame (Toll et al., 2007) .
Week 2 follow-up measures
The Week 2 follow-up interview, conducted by research staff, assessed the participants' perceptions of the last week, physical activity behaviour, outcome expectancies, intentions, self-efficacy, and message evaluations. Specifically, participants indicated whether the last week had been typical (0 ¼ no, 1 ¼ yes). Physical activity was assessed using the IPAQ described above.
Social cognitive variables
Outcome expectancies were assessed using the single item administered at baseline. The intentions, self-efficacy, and manipulation check measures were expanded to include the baseline interview questions and additional supplemental questions. It was possible to use longer measures because unlike the baseline interview, the Week 2 interview was not subject to a time limit. Of benefit, using multi-item measures increases the reliability of the assessment tool (Streiner & Norman, 1999) . The baseline interview questions for each social cognitive variable (except self-efficacy) preceded any additional questions related to the construct. This order was arranged to minimize the potential impact of using an expanded multi-item scale on participants' responses to the initial baseline questions. All items were rated on a 5-point scale.
The longer intentions measure included a second item: 'I will try to engage in regular physical activity over the next two weeks' (1 ¼ disagree a lot; 5 ¼ agree a lot; Armitage, 2004) . The two intentions items correlated highly, rð179Þ ¼ :71, p , :01 and have demonstrated a predictive validity in health behaviour research (Armitage, 2004) .
The longer measure of self-efficacy included three supplemental items: (a) 'How confident are you that you will be able to participate in regular physical activity over the next 2 weeks?' (1 ¼ not at all confident; 5 ¼ extremely confident); (b) 'I believe I have the ability to participate in regular physical activity over the next 2 weeks' (1 ¼ disagree a lot; 5 ¼ agree a lot); and (c) 'To what extent do you see yourself as being capable of participating in regular physical activity over the next 2 weeks?' (1 ¼ not likely; 5 ¼ extremely likely; Armitage & Conner, 1999) . The 4-item scale was internally consistent (Cronbach's a ¼ :82) and has exhibited predictive validity in the physical activity domain (Rhodes & Courneya, 2003) .
The five supplemental manipulation check items evaluated the extent to which the message was (a) read (1 ¼ none, 5 ¼ all); (b) believable (1 ¼ not at all believable, 5 ¼ extremely believable); (c) interesting (1 ¼ not at all interesting, 5 ¼ extremely interesting); (d) informative (1 ¼ not at all informative, 5 ¼ extremely informative); and (e) perceived as negative or positive (message tone: 1 ¼ extremely negative, 5 ¼ extremely positive). These items have been used widely in message framing research to demonstrate the difference between gain-and loss-framed messages (Brug, Steenhuis, Van Assema, & De Vries, 1996; Toll et al., 2007) .
Mailed follow-up
Whether or not participants returned a pre-stamped postcard requesting a free pedometer was used as an indirect indicator of physical activity intentions. Similar indirect intentions measures have been used effectively in framing research (e.g. requesting bottles of sunscreen , encouraging smoking cessation [McKee et al., 2004] ).
Week 9 follow-up measures
The final follow-up interview, conducted by research staff, repeated all of the questions from the Week 2 follow-up interview and assessed pedometer use. Pedometer use was assessed through the self-report, open-ended item: 'In the past month, how many days did you use the pedometer for the entire day?' (Craig, Cragg, Tudor-Locke, & Bauman, 2006) .
Analyses
Managing outliers
To manage the non-normal distribution typical of physical activity reports, the IPAQ data were treated according to steps prescribed in the IPAQ scoring manual (International Physical Activity Questionnaire, 2006) . Physical activity data were removed for individuals whose total walking and moderate and vigorous physical activity time were greater than 960 min/day. Time variables exceeding 180 minutes were truncated to be equal to 180 minutes. Subsequently, all IPAQ scores were submitted to a square-root transformation to further remedy the non-normal distribution (Tabachnick & Fidell, 2001) . In testing the assumptions of regression, three additional outlying physical activity scores were identified (i.e. the residual value was 3 SD above or below the predicted value) and eliminated from further analysis (Kleinbaum, Kupper, Muller, & Nizam, 1998) .
Analytic approach
Analyses of variance (ANOVA) for continuous data and chi-squared analyses for categorical data were completed initially to ensure effective randomization, confirm manipulation success (independent variable: experimental condition), and examine participant characteristics associated with study drop-out (independent variable: study adherence). Next, regression analyses with planned contrasts were conducted to test the primary hypothesis that gain-framed messages would be more effective than lossand mixed-framed messages in affecting physical activity participation and beliefs. Experimental condition was dummy-coded with the gain-framed message condition as the reference group. In each regression model, relevant covariates (e.g. baseline values) were entered first, followed by the dummy-coded contrast variables. This planned contrast regression approach necessitated separate analyses for each follow-up period. A benefit of conducting separate analyses for each follow-up is that it allows participants who only completed one follow-up to be included in the analysis, thus increasing statistical power.
Finally, in order to test the secondary hypothesis of mediation, an additional series of regression analyses was conducted using a product coefficient approach (Mackinnon, Fairchild, & Fritz, 2007; Mackinnon, Lockwood, Hoffman, West, & Sheets, 2002) . The product coefficient method examines whether the indirect effect of the independent variable (i.e. message type) on the dependent variable (i.e. physical activity behaviour) is significant. To conduct this test of significance, a z score was calculated by multiplying the unstandardized beta coefficients (a,b) for the equation regressing the dependent variable (social cognitive variables; coefficient b) on the independent variable (message type; coefficient a) and then dividing the product of coefficients a and b by a standard error term (s ab ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi et al., 2007) . The calculated z score was then compared with a standard normal distribution.
Results
Study attrition
As described in Figure 1 , 517 eligible callers were recruited and randomized to a message condition (N gain ¼ 158, N loss ¼ 165, N mixed ¼ 194). Out of the 517 participants randomized, 195 were excluded as a result of misreporting activity level in the screening interview. Among the excluded participants, baseline IPAQ scores failed to corroborate screening reports that indicated participation in fewer than three 20 minute bouts of moderate to vigorous activity/week. The excluded participants (M ¼ 3; 201:54^2; 906:37 MET min=wk) engaged in significantly more moderate and vigorous activity than the retained participants (M ¼ 395:84^512:88 MET min=wk, Fð1; 514Þ ¼ 579:01, p , :001, d ¼ 1:34). It was necessary to enforce this eligibility criterion given the evidence that messages are only effective for sedentary segments of the population (Vandelanotte et al., 2005) . The final sample consisted of 322 participants (N gain ¼ 101, N loss ¼ 106, N mixed ¼ 115). Out of these participants, 56.2% completed the Week 2 assessment and 51.6% completed the Week 9 assessment. The participants who dropped out (i.e. could not be reached for either telephone follow-up) or withdrew were older and more likely from a non-white ethnic group than those who completed at least one follow-up, x 2 ð1; N ¼ 322Þ ¼ 5:60, p ¼ :02.
Demographics
The demographic characteristics of the participants retained for the subsequent analyses are reported in Table 2 . There were no significant differences in demographic characteristics between the three experimental groups, p values . :05. Most participants were white (67.4%), female (76.1%) and had completed at least some college (75.8%). The average age of the sample was 47.40 years (SD ¼ 12:03).
Manipulation check
As expected, no differences in general evaluations of the messages emerged. The gain-, loss-, and mixed-framed print materials were rated as being similarly believable, interesting, and informative, p values . :05. Furthermore, participants indicated There are 10 people missing from this analysis because they did not report this information. b There are 22 people missing from this analysis because they did not report this information. SD, standard deviation; HS, high school.
reading similar amounts of information across the three conditions, p values . :05. However, consistent with the objectives of the study, significant differences in participants' ratings of the tone and focus of the baseline telephone message and physical activity guide emerged (F baseline ð2; 313Þ ¼ 38:96, p , :001; MANOVA F Week 2 ð4; 336Þ ¼ 4:22, p ¼ :002, Pillai's Trace ¼ 0:10). As presented in Table 3 , participants in the loss-framed condition indicated that the messages emphasized the risks of inactivity, whereas participants in the gain-and mixed-framed conditions indicated that the messages emphasized the benefits of physical activity. Additionally, the loss-framed messages were rated as having a more negative tone than the gain-and mixed-framed messages. Although the multivariate effects for the model comparing the tone and focus of the pedometer brochure and slogan did not reach conventional levels of statistical significance ( p ¼ :15), the loss-framed message tended to be rated as having a more negative tone and putting a greater emphasis on the costs of inactivity than the gain-and mixed-framed messages.
Primary hypothesis testing Moderate and vigorous physical activity
The hierarchical linear regression models testing the hypothesis that gain-framed messages are more effective than loss-and mixed-framed messages for promoting moderate and vigorous physical activity controlled for four variables: (a) moderate and vigorous physical activity at baseline, which strongly affects the possibility for behaviour change (i.e. people who engage in less activity at baseline have greater room to improve than people who report more activity); (b) outcome value at baseline, which is an important social cognitive determinant of behaviour change (Bandura, 1997 ) not targeted specifically in the intervention; (c) walking at follow-up, which may be an alternate physical activity competing with moderate and vigorous activities (the outcome of interest); and (d) the extent to which the week preceding follow-up represented typical activity levels (many participants were caring for cancer survivors and experienced interruptions in their regular routines).
The overall models predicting the square root of moderate and vigorous physical activity at the Week 2 and Week 9 follow-up were significant (F Week 2 ð6; 141Þ ¼ 5:47, p , :001; F Week 9 ð6; 162Þ ¼ 11:89, p , :001). The contrast variables explained incremental variance in the outcome at the Week 9 follow-up, R 2 change ¼ :03, Fð2; 162Þ ¼ 3:06, p ¼ :05. Both the gain versus loss and the gain versus mixed contrast variables provided a unique contribution (b gain vs: loss ¼ 2:15, p ¼ :05, CI ¼ :14 to 2 12:80; b gain vs: mixed ¼ 2:17, p ¼ :02, CI ¼ 21:08 to 2 13:93). As Table 4 shows, the predictions were supported: participants in the gain-framed condition reported greater physical activity at the Week 9 follow-up when compared with participants in the loss-and mixed-framed conditions. As described in Table 4 , the Week 9 regression model was not significant for the unadjusted means; however, the pattern of findings was consistent with the pattern for the adjusted means. These contrast effects were not significant at the Week 2 follow-up.
Secondary hypothesis testing
Separate hierarchical linear regression analyses controlling for baseline scores were conducted to examine the hypothesis that gain-framed messages are more effective than loss-and mixed-framed messages for changing self-efficacy, intentions, and d¼ Cohen's d ), G versus L, comparison of the gain-versus loss-framed message effects; G versus M, comparison of the gain-versus mixed-framed message effects.
Physical activity and message framing 673 outcome expectancies. The overall model for each variable was significant at both the Week 2 and Week 9 follow-up, p values , :05. The contrast variables contributed incremental variance in the prediction of intentions (R 2 change ¼ :03, Fð2; 175Þ ¼ 3:48, p ¼ :03) and self-efficacy (R 2 change ¼ :03, Fð2; 174Þ ¼ 3:46, p ¼ :03) at the Week 2 follow-up. The beta weights indicated differences in intentions and self-efficacy between the gain-and loss-framed conditions only (b values ¼ 2:20, p values # :01, 2:23 $ CI values $ 22:75). As hypothesized, participants who received gain-framed messages had greater self-efficacy and intentions at the Week 2 follow-up than those who received loss-framed messages. As described in Table 5 , the gain-versus loss-framed contrast effect for the unadjusted means was significant. The pattern of findings for unadjusted intentions was consistent with the pattern for the adjusted means; the unadjusted model was not significant. The contrast effects were not significant for self-efficacy and intentions at the Week 9 follow-up or for outcome expectancies at either time point.
Mediational analyses z Scores were calculated to examine whether the significance of the indirect effects of message frame on Week 9 moderate to vigorous intensity physical activity was mediated by Week 2 self-efficacy and intentions. Week 9 physical activity behaviour and Week 2 self-efficacy and intentions were included in these models because these were the variables affected by gain-framed messages, a necessary condition for establishing mediation according to Baron and Kenny (1986) . A comparison of the z scores with a standard normal distribution revealed that neither the indirect effect mediated by selfefficacy (z gain vs: loss ¼ 2:50, z gain vs: mixed ¼ :51) nor the effect mediated by intentions (z gain vs: loss ¼ 2:29, z gain vs: mixed ¼ 2:22) was significant, p values . :05. A failure to demonstrate significance suggests that the framing effects observed at Week 9 must be mediated by variables other than intentions, self-efficacy, and outcome expectancies.
Ancillary analyses
Walking activity A hierarchical linear regression model was conducted to test whether gain-framed messages were more effective than loss-and mixed-framed message in promoting walking. Covariates included: (a) walking activity at baseline; (b) outcome value; (c) moderate and vigorous physical activity at follow-up; and (d) whether the week preceding follow-up was typical. The overall models at Week 2 and Week 9 were significant (F Week 2 ð6; 141Þ ¼ 10:53, p , :001; F Week 9 ð6; 163Þ ¼ 5:92, p , :001); however, the contrast effects were not. As shown in Table 4 , gain-framed messages did not differentially promote walking activity compared to the loss-and mixed-framed messages.
Pedometer request and use
The binary logistic regression analysis with the likelihood of requesting a pedometer regressed on the predictor variables was not significant. As indicated by the percentages in Table 4 , gain-framed messages did not increase the likelihood of requesting a pedometer more so than the loss-or mixed-framed messages. The hierarchical linear model regressing the number of self-reported days of pedometer use on the predictor variables was not significant. As shown in Table 4 , participants in the gain-framed 
G versus L, comparison of the gain-versus loss-framed message effects; G versus M, comparison of the gain-versus mixed-framed message effects. The values for selfefficacy and intentions should not be compared directly over time given that a single item measure was used at baseline and an expanded measure was used at the other time points.
condition wore their pedometer as frequently as participants in the loss-and mixedframed conditions.
Discussion
The framing postulates of prospect theory suggest that behaviours not associated with much risk (e.g. physical activity) are best promoted with gain-framed messages (Rothman & Salovey, 1997) . Due to limitations in research design, extant research in the physical activity domain offered mixed support for this prediction (Jones et al., 2003 (Jones et al., , 2004 McCall & Martin, 2004; Robberson & Rogers, 1988) . Improving upon the limitations of past research by (a) targeting a receptive audience (i.e. sedentary adults); (b) providing multiple messages; (c) conducting an extended follow-up; and (d) including a standard message control group, the current investigation examined the utility of gain-framed messages for promoting physical activity. Indeed, with this improved design, the results of this study are theoretically important because they corroborate the framing postulates of prospect theory. Specifically, among sedentary adults, repeated exposure to gain-framed physical activity messages resulted in a greater participation in moderate and vigorous activities than loss-and mixed-framed messages at the Week 9 follow-up. These findings provide further evidence that the framing postulates are useful guidelines for constructing effective public health messages. In particular, existing physical activity messages, which are largely mixed-framed, should be revamped to emphasize gain-framed information. Of interest, framing effects for physical activity behaviour only emerged at the Week 9 follow-up after repeated exposure to the framed materials. Indeed, delivering an adequate dose of information may be important for optimizing the impact of a message. This doseresponse relationship is exemplified in the Centers for Disease Control's VERB campaign -a multi-million dollar mass media initiative promoting physical activity for American children 9 to 13 years of age. At the 2-year follow-up it was determined that as message exposure increased, physical activity behaviour increased (Huhman et al., 2007) . Thus, similar to the findings in the current study, repeated exposure to the campaign messages lead to greater behaviour change. Evidence from laboratory-based research (Cacioppo & Petty, 1989; Claypool, Mackie, Garcia-Marques, McIntosh, & Udall, 2004) suggests that information is processed more thoroughly and carefully as messages are repeated. This style of thinking about and scrutinizing all issue relevant details is ideal for eliciting behavioural change (Brinol & Petty, 2006 ). In the current study, it may be that with greater exposure to the messages, participants began to think deeply about the information, the effects of which were manifest at the Week 9 follow-up.
Of note, Jones and colleagues (2003) did report an increase in physical activity following a single exposure to a gain-framed message delivered from a credible source (i.e. a medical professional). Emphasizing a credible message source is a means of increasing the persuasiveness of framed messages and is a potential strategy for increasing message scrutiny (Grewal, Gotlieb, & Marmorstein, 1994) . Thus, in the Jones et al. study, presenting the information from a credible source may have functioned in a similar manner as repeated message exposure in the current study. Although the messages in the current study were cited as being from reputable organizations, it is possible that the credibility of these organizations was not as influential as a medical professional. Medical professionals are a preferred and trusted source of health information (Sillence, Briggs, Harris, & Fishwick, 2007) . It is also important to note that the results of Jones et al., 2003 were somewhat tenuous. This group of researchers was not able to replicate their findings in an identical follow-up study. Had this series of studies implemented a repeated message exposure design, the effects may have been more robust (Brinol & Petty, 2006) .
In addition to physical activity behaviour, intentions and self-efficacy were affected by message frame. At the Week 2 follow-up, participants who received gain-framed messages had stronger intentions and greater self-efficacy to engage in physical activity than those in the loss-framed condition. Conceptually, determining that gain-framed messages elicited more positive social cognition at the Week 2 follow-up and greater behaviour at the Week 9 follow-up is consistent with the notion that change in cognition precedes a change in behaviour. Nonetheless, mediational analyses testing this possibility were not significant. Previous research has reported similar failed attempts to establish social cognitive variables as mediators of message framing effects (Banks et al., 1995; Detweiler et al., 1999; McCall & Martin, 2004 ). In the current study, a lack of evidence for mediation might be the result of poor measurement correspondence. The referent time frame for the social cognitive variables was 'the next two weeks', yet these variables were used to predict behaviour five weeks later.
2 Although greater measurement correspondence would increase the likelihood of establishing intentions and self-efficacy as mediators of framing effects, given the past failures, possible mediators beyond the ones used here (e.g. personal relevance, depth of information processing) also should be considered (cf. Rothman, Bartels, Wlaschin, & Salovey, 2006) . In addition to examining mediating variables, emerging research suggests that individual differences in how people think about the framed materials should be considered as moderators (Updegraff, Sherman, Luyster, & Mann, 2007) .
The gain-framed messages did not result in greater walking behaviour, likelihood of requesting a pedometer, pedometer use, or outcome expectancy when compared with the loss-or mixed-framed messages. These null findings may be related to message content. The print materials advocated moderate to vigorous physical activity and not walking or pedometer use per se. With research indicating that the effects of print messages do not extend past the specific factors targeted in a message (Chatzisarantis & Hagger, 2005) , it is not surprising that framing effects were evident for moderate and vigorous activities but not walking-related activities. The specificity of message effects should be considered in future research and physical activity promotion campaigns.
Messages highlighting outcomes salient to the recipient group result in positive outcome expectancies (Chatzisarantis & Hagger, 2005) . Although the messages in the current study highlighted numerous benefits associated with physical activity, it is possible that they did not emphasize salient outcomes. Moreover, only health-related outcome expectancies for a 2-week period were assessed.
2 An expanded measure capturing expectancies related to all of the salient outcomes highlighted in the messages and using a longer time frame would have increased the likelihood of detecting framing effects.
In addition to measurement limitations, this study has other limitations. First, consistent with the demographics of the Cancer Information Service (CIS) clientele, the majority of participants were relatively well-educated, non-Hispanic, white, and women calling for health information. The sample homogeneity limits the generalizability of the findings to the broader population. Also, it remains unclear whether gain-framed messages are effective for promoting physical activity among people who are less motivated to seek out health information than typical CIS callers.
Second, only a small portion of the people screened was randomized. Among the people randomized, some participants were excluded as a result of misreporting their activity level during the screening interview, and a large portion of participants (44% at Week 2 and 48% at Week 9) could not be reached for follow-up. The misreporting of physical activity may reflect the susceptibility of the IPAQ to overreporting (Rzewnicki, Vanden, & De Bourdeaudhuij, 2003) . Perhaps, an alternate measure of physical activity (e.g. Godin Leisure Time Exercise Questionnaire; Godin & Shephard, 1985) would be more appropriate for this population. The observed low recruitment and high attrition rates are common in CIS behaviour change research (Heimendinger et al., 2005) . Many callers are not eligible to participate because they are cancer survivors (i.e. cancer survivors make up the largest portion of CIS callers). Those callers who are eligible often decline participation or are unable to complete the study because of the stress they are experiencing while managing the care of a sick or dying relative (e.g. a spouse with cancer for whom they initially contacted the CIS). Taken together, these participantrelated factors limit the generalizability of the study findings and highlight the need to replicate the study in a general community sample.
Despite these limitations, this study provides evidence that emphasizing the health benefits of engaging in physical activity is effective for promoting behaviour change. As predicted, repeated exposure to gain-framed messages resulted in greater physical activity than loss-or mixed-framed messages. With obesity and inactivity being highly prevalent in society, these findings have implications for satisfying the desperate need for effective strategies promoting physical activity to the public. Our findings suggest that the traditional appeals including both loss-and gain-framed messages should be reframed to emphasize gain-framed information only. Furthermore, the study findings suggest that other factors such as message exposure and content should be considered carefully to optimize further message effectiveness.
